The effect of four nitrogen levels {0 kg N ha -1 (N 0 ), 50 kg N ha -1 (N 1 ), 100 kg N ha -1 (N 2 ) and 150 kg N ha -1 (N 3 )} two QPM hybrids {Shaktiman-2 (G 1 ) and Shaktiman-4 (G 2 )} and three levels of sulphur { 15 kg S ha -1 (S 1 ), 30 kg S ha -1 (S 2 ) and 45 kg S ha -1 (S 3 )} in quality protein maize (QPM) production for two years on an experimental field (Sandy clay loam) located at Agricultural Dryland Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, India. Each treatment was replicated three times in split plot design. The aim of research was to determine the influence of nitrogen and sulphur levels on yield, quality and economics of QPM hybrids under dryland condition.The significantly highest plant height, leaf area index (LAI), yield, net returns, benefit: cost ratio (B: C), lysine and tryptophan content were recorded with 150 kg N ha -1 (N 150 ) as compared to N 100 , N 50 and N 0 . On average QPM hybrids, Shaktiman-4 produced significantly taller plant (171.68cm), higher LAI (5.49), grain yield (60.54 q ha ), net return (Rs. 39825.09 ha -1 ), B: C ratio (2.26), tryptophan content (0.79%) and lysine content (3.91) than Shaktiman-2× S 15 .
), net return (Rs. 36246.01 ha -1 ), B: C ratio (2.22), tryptophan content (0.77%) and lysine content (3.88) than Shaktiman-2. Sulphur analysis also recorded that the significantly taller plant (173.88cm), highest LAI (5.58), grain yield (61.67q ha -1 ), net returns (` 37943.30 ha -1 ), B: C ratio (2.25), tryptophan content (0.78%) and lysine content (3.88) were recorded under 45 kg S ha -1 and lowest were recorded at 15 Kg S ha -1 . Interaction effect of N 150 × S 45 obtained significantly taller plant (197.00cm), higher LAI (6.71), grain yield (69.14 q ha -1 ), net return (Rs. 56075.52 ha -1 ), B: C ratio (2.68), tryptophan content (0.83%) and lysine content (3.99) than N 3 x S 1 . Result revealed that, interaction effect of Shaktiman-4× S 45 obtained significantly taller plant (177.68cm), higher LAI (5.79), grain yield (62.35 q ha -1
Introduction
Queen of cereals maize is so named because of its unbelievably high yield potential that out yields any other cereal crop. This potential of maize cannot be manifested up to the brim due to several biotic and a biotic factors amongst which poor nutritional management and selection of QPM hybrid is the prime one. Thus proper nutrition and good QPM hybrid is very important to get high crop production. Nitrogen is a vital plant nutrient and a major yield determining factor required for maize production. It is very essential for plant growth and makes up 1 to 4 percent of dry matter of the plants. Nitrogen is a component of protein and nucleic acids and when nitrogen is sub-optimal, growth is reduced. Its availability in sufficient quantity throughout the growing season is essential for optimum maize growth. It is also characteristic constituent element of proteins and also an integral component of many other compounds essential for plant growth processes including chlorophyll and many enzymes (Onasanya et al., 2009) . Sulphur nutrition help the plants to perform many physiological functions like synthesis of sulphur containing amino acids namely, cystein, cystine, methionine etc. Synthesis of protein occurs in to leaves, hence sulphur deficiency leads chlorosis in younger leaves. The concentration of sulphur in vegetative tissue usually ranges 0.2-0.5% on the dry weight basis. Thus, plant a requirement for available sulphur is mainly responsible for nitrogen availability, hence with increasing rate of sulphur the availability and uptake of N is increased (Mehta et al., 2005) . Important of protein quality of cereals by genetic modifications or agronomic intervention is a potentially use full means of preventing and alleviating protein malnutrition in young children. Corn (Zea mays L.), which is the third ranking food crop in the world, is a major source of protein for many pre-school children in central and South America and elsewhere. Opaque2 maize, which is higher in lysine and tryptophan and lower in leucine than in common maize has been successfully as the only source of protein for pre-school children in several countries (Lucia et al., 1976) . The concentration of lysine and tryptophan, essential limiting amino acids in maize, was determined for both QPM hybrids. In India, 2/3 rd of total cultivated land is rainfed which contributes about 44% of the country food requirement. In such areas crop production become relatively difficult due to irregular weather conditions, degraded soil having low inherent fertility. Rice-wheat and Maize-wheat is the traditional cropping sequence in rainfed areas of India. The yield of crops in rainfed areas remains stagnant due to water stress and seasonal agricultural drought owing to low and erratic rainfall, high runoff water losses and high evaporation. These soils are light in texture, infertile and deficient in nitrogen, phosphorus and sulphur (Sharma et al., 2011) . In view of the above present investigation was aim to determine effect of nitrogen and sulphur on grain yield, economics and quality of quality protein maize (QPM) QPM hybrids under dryland conditions.
Materials and Methods

Experimental Site, Climate and Soil
The experiment was conducted at Dryland Agriculture Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, India, during 2009 -2010 and 2010 -2011 
Experimental Details
The experiment was conducted in split plot design replicated three times with four nitrogen levels [0 kg ha -1 (N 0 ), 50 kg ha -1 (N 1 ), 100 kg ha -1 (N 2 ), 150 kg ha -1 (N 3 )] in main plot treatments, two QPM hybrids [Shaktiman-2 (G 1 ) and Shaktiman-4 (G 2 ) and three sulphur levels [15 kg ha -1 (S 1 ), 30 kg ha -1 (S 2 ) and 45 kg ha -1 (S 3 )] in sub plots. The dimensions of individual plot were 5.0 m × 3.60 m. The residual effect of these treatments was studies in next succeeding maize crop. Despite nitrogen and sulphur treatments a recommended dose of diammonium phosphate (60 kg ha ) were applied. Bed preparation was done with tractor drawn bed-maker-cum-planter. Distance of 67.5 cm between centre to centre of bed the bed size including 37.5 cm bed top and 30 cm furrow. One row bed -1 of crop was sown. The spacing of 67.5 cm × 22 cm was maintained by thinning and gap filling. QPM hybrids involving opaque 2 viz., Shaktiman-2 and Shaktiman-4 of full season maturity during kharif season were sown. Recommended seed rates of QPM 25 kg ha -1 were sown. Seed was treated with capton @ 3 g kg -1 of seed before sowing to avoid the diseases problems.
Observations Recorded
Height of the randomly selected and marked five plants was measured at 30 days interval and at harvest. The plant height was measured from the base of the plant to the tip of the upper most leaf. Periodic leaf area of two randomly selected plants was measured with the help of Delta-T Image Analyzer at 30 days interval. From leaf area values the leaf area index was calculated as described by Radford (1967) . LAI was calculated by dividing Leaf area (cm 2 )/ land area covered by plant (cm 2 ). Estimation of tryptophan and lysine in defatted samples were estimated by the colorimetric methods as described by Hernandez and Bates (1969) and Villegas and Mertz (1971) , respectively. Net return (Rs. ha -1 ) was calculated by deducted gross return (Rs. ha -1 ) to cost of cultivation (Rs. ha -1 ) while benefit: cost ratio was estimated by divided gross return (Rs. ha -1 ) to cost of cultivation (Rs. ha -1
Statistical Analysis
Statistical analysis was carried out to know the variance for different parameters. To test the significance, the experimental data collected on various aspects of the investigation on maize and soil were statistically analysed with the procedure described by Cochran & Cox (1967) and adopted by Cheema and Singh (1991) in statistical package CPCS-1. All the comparisons were made at 5% level of significance.
Results and Discussion
Growth
Pooled data of 2 years showed that the nitrogen, QPM hybrids and sulphur levels had significant effect on growth. Plant height is a useful index of the developmental phases of the plant to give an idea about dry matter production leading to ultimate yield. The highest average plant height (191.62 cm) was recorded with 150 kg N ha -1 (N 3 ) which proved significantly superior over rest of treatments. The lowest plant height of 138.58 cm was recorded in N 0 treatments (Figure 1 ). It may be owing to the beneficial effect of nitrogen for plant metabolism which affect physiological process of the crop and increase plant height. The greater residual uptake of nitrogen was also reported with the increase in the rates of nitrogen application leading to taller plant was reported by Lohry, (1990) and Gaur et al., (1992) . Among the QPM hybrids Shaktiman-4 significantly improved plant height 171.68 cm than Shaktiman-2. QPM hybrid, Shaktiman-4 recorded 3.16% taller plant height over Shaktiman-2 (Figure 2) . Among sulphur treatments, S 45 treatments significantly recorded taller plant height followed by S 30 and S 15 , respectively. However, interaction of sulphur at same level of nitrogen on plant height was also observed significant. Treatment 
Yield
Pooled data of 2 years showed that the nitrogen, QPM hybrids and Sulphur levels had significant effect on grain yield. Grain yield of QPM hybrids was significantly affected by different nitrogen levels ( Table 1 ). The highest average grain yield (67.3 q ha -1
) was recorded under 150 kg N ha -1 which proved significantly superior over rest of nitrogen treatments. The lowest grain yield of 5073 kg ha -1 was recorded in N 0 treatments. The magnitude of increase of grain yield was to be extent of 24.62% with the N 150 application over N 0 (Table 1) . It may be owing to the beneficial effect of nitrogen for plant metabolism which affect physiological process of the crop and increase grain yield. Many researchers reported that a greater yield can be achieved with 150 kg N ha -1 as compared to the rest of treatments. Abdel-Wahab et al., (2008) reported that in maize production the highest yield has been obtained with 120 kg N fed -1 than 60 and 90 kg N fed -1 led to increase the grain yield by 174.77%, 103.70% and 141.12%, respectively over control. Maurya et al., (2005) also reported that highest grain yields (4644 kg ha -1 ) were obtained with the application of 150 kg N ha -1 . The conformity of result of present investigation was also reported by Bhat et al., (2008) and Rana and Choudhary, (2006) . Among the QPM hybrids Shaktiman-4 significantly improved grain yield of 60.54 q ha -1 than Shaktiman-2 with grain yield of 59.40 q ha -1 . Whereas, percent increase in grain yield of Shaktiman-4, 2.04% higher than Shaktiman-2 (Table 2) . Pixley and Bjarnason (2002) reported 13 per cent higher grain yield in hybrids than OPCS (Open pollinated cultivars) which obtained 9460 kg ha -1 and 9240 kg ha -1 , respectively. Upadhyay et al., (2008) recorded grain yield was significantly highest in 2 QPM hybrids (SO3 TLWQ-AB-01 and Obatampa) than the local check. Similar result also reported by Srivastava et al., (2005) and San Vicente et al., (2005) . Sulphur treatments brought about significant effect on grain yield. Among sulphur treatments, 45 kg S ha -1 significantly improved grain yield of 61.66 q ha -1 followed by 30 kg S ha -1 and 15 kg S ha -1 with grain yield of 60.02 q ha -1 and 58.23 q ha -1 , respectively (Table 1) . It may be owing to help the plants to perform many physiological functions and yield. Maurya et al., (2005) reported that in maize production the highest yield had been obtained with 45 kg S ha -1 .The interaction effect of N x S and G x S on QPM hybrids in respect of yield was also significant. The significantly highest value of grain yield 69.14 q ha -1 was obtained incase of 150 kg N ha -1 (N 3 ) in combination with 45 kg S ha -1 (S 3 ) than S 30 × N 150 (Table 1) . Interaction effect of nitrogen × sulphur, QPM hybrids x sulphur was found to be significant. Treatment 150 kg N ha -1 × 45 kg S ha -1 recorded significantly highest grain yield which proved 5.51% over 150 kg N ha -1 × 15 kg S ha -1 (Table 1) . Similarly, treatment S 45 × Shatiman-4 obtained 5.54% higher grain yield over S 15 × Shatiman-4 (Table 2) . Similar result was also found that application of S at 45 kg ha -1 significantly increased seed yields (Bharathi and Poongothai, 2008) . The beneficial effect of nitrogen and sulphur on QPM hybrids could be attributed to change physiological process, enhancing bio-available concentration and increase grain yield. G= QPM hybrids S= Sulphur levels S at G= Interaction of QPM hybrids at same level of sulphur.
Quality
Pooled data on 2 years showed that at different levels of nitrogen, 150 kg ha -1 (N 3 ) gave remarkably highest lysine content 3.96% which was significantly superior over 100 kg N ha -1 (N 2 ) and 50 kg ha -1 (N 1 ). The lowest lysine content was recorded in 0 kg N ha -1 (N 0 ). N 150 registered 5.80% higher lysine content over N 0 (Table 3) . The conformity of result of present investigation was also reported by Rasheed et al., (2004) . The lysine content of QPM hybrid Shaktiman-4 recorded significantly highest 3.88% over Shaktiman-2 3.82% (Table 4) . This might be due to higher nitrogen and sulphur uptake enhances these concentrations and increases these attributes content in grain significantly. The conformity of result of present investigation was also made by Gupta et al., (2009) . Among sulphur treatments, significantly highest lysine content 3.88% was recorded with application 45 kg S ha -1 followed by 30 kg S ha -1 3.85% and 15 kg S ha -1 3.82% (Table 3 ). The interaction effect of nitrogen (N) x sulphur (S) proved significant effect on lysine content. The significantly highest lysine content 3.99% was obtained in combination with 150 kg N ha -1 (N 3 ) × 45 kg S ha -1 (S 3 ), while the lowest value of lysine 3.93% was observed with 150 kg N ha -1 (N 3 ) ×15 kg S ha -1 (S 3 ) but it was found to be non significant with N 3 x S 2 (Table 3) . Similar result also reported by Sakal et al., (2000) . Data pertaining to tryptophan content (%) as affected by nitrogen levels. Treatment 150 kg N ha -1 recorded significantly highest tryptophan content 0.81% over 100 kg N ha -1 and 50 kg N ha -1 . The lowest tryptophan 0.71% was obtained with 0 kg N ha -1 . In contrast, 150 kg N ha -1 showed 2.34% higher tryptophan content over 0 kg N ha -1 (Table 3 ). The QPM hybrid Shaktiman-4 recorded significantly higher tryptophan content 0.77% over Shaktiman-2 0.75% (Table 4) Vol. 4, No. 9; 2012 (S 3 ), while the lowest value of tryptophan 0.75% was observed with 150 kg N ha -1 (N 3 ) x 15 kg S ha -1 (S 3 ) but it was at par with N 3 x S 2 (Table 3 ). The findings indicate that the 150 kg N ha -1 with 45 kg S ha -1 was beneficial in term of grain yield and quality of QPM hybrids under dryland condition. G= QPM hybrids S= Sulphur levels S at G= Interaction of QPM hybrids at same level of sulphur.
Economics
Pooled data of 2 years showed that treatment 150 kg N ha -1 gave remarkably higher net monetary returns Rs. 48720.39 ha -1 and B: C ratio 2.63 followed by 100 kg N ha -1 and 50 kg N ha -1 and lowest net return Rs.17317.86 ha -1 and B: C ratio 1.61 was observed under 0 kg N ha -1 (Table 5) . Similar findings also reported by Sepat and Kumar, (2007) . QPM hybrid Shaktiman-4 fetched the highest net monetary return Rs. 36246.01 ha -1 and B: C ratio 2.22 over Shaktiman-2 (Table 6 ). Among sulphur levels highest mean value of net monetary return Rs. 37943.30 ha -1 and B: C ratio 2.24 was obtained with 45 kg S ha -1 than the rest of sulphur treatments. Interaction effect of nitrogen × sulphur on net monetary returns and B: C ratio was found to be significant. The highest net monetary returns Rs. 56075.52 ha -1 and B: C ratio 2.68 was obtained combination with 150 kg N ha -1 × 45 kg S ha -1 (Table 5) . It might be due to highest yield under 150 kg N ha -1 in combination with 45 kg S ha -1 leading to better net return and benefit: cost ratio. The findings indicate that the 150 kg N ha -1 with 45 kg S ha -1 was beneficial in term of grain yield, quality and economics of QPM hybrids under dryland condition. G= QPM hybrids S= Sulphur levels S at G= Interaction of QPM hybrids at same level of sulphur.
Conclusions
Based on the above findings in respect of the yield, quality and economics, best results were achieved with QPM hybrid 'Shaktiman-4' along with application of 150 kg N ha -1 + 45 kg S ha -1 can be recommended for sustaining productivity and profitability under dryland condition of Eastern Uttar Pradesh of India.
